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(57) ABSTRACT

A game apparatus takes an image of a marker placed in the
real space. The game apparatus calculates the position and the
orientation of the marker with respect to the game apparatus
on the basis of the marker included in the taken image, and
sets a marker coordinate system on the marker. In addition,
the game apparatus detects the direction of gravity on the
basis of acceleration detected by an acceleration sensor
included in the game apparatus. Next, the game apparatus
calculates the direction of gravity in the marker coordinate
system on the basis of the detected direction of gravity, and
determines the orientation of the virtual character on the basis
of'the calculated direction of gravity in the marker coordinate
system. Then, the game apparatus displays the virtual char-
acter on a display device.

23 Claims, 19 Drawing Sheets
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COMPUTER-READABLE STORAGE
MEDIUM HAVING INFORMATION
PROCESSING PROGRAM STORED
THEREIN, INFORMATION PROCESSING
APPARATUS, INFORMATION PROCESSING
SYSTEM, AND INFORMATION PROCESSING
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2011-
86798, filed on Apr. 8, 2011, is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a computer-readable stor-
age medium having an information processing program
stored therein, an information processing apparatus, an infor-
mation processing system, and an information processing
method, for displaying an image on a display device.

2. Description of the Background Art

Conventionally, there is a game apparatus that takes, by a
camera, an image of a game card placed in the real space and
displays a virtual object at a position where the game card is
displayed. For example, in Japanese Laid-Open Patent Pub-
lication No. 2006-72667 (Patent Document 1), an image of a
game card placed in the real space is taken by a camera
connected to a game apparatus, and the orientation and the
direction of the game card, and the distance between the
camera and the game card in the real space are calculated on
the basis of the taken image. A virtual object to be displayed
on a display device is changed in accordance with the calcu-
lated orientation, direction, and distance.

However, in the game apparatus disclosed in Patent Docu-
ment 1, in order to change the display of the virtual object, it
is necessary to greatly change the orientations of the camera
and the game card. Thus, there is room for improvement in the
operability of a user.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
an information processing technique that allows various
images to be displayed by a simple operation.

The present invention has the following features to attain
the object mentioned above.

One embodiment of the present invention is a computer-
readable storage medium having stored therein an informa-
tion processing program that causes a computer of an infor-
mation processing apparatus to operate as image obtaining
means, orientation information obtaining means, specific
object detection means, positional relation calculation means,
display determination means, image generation means, and
display control means. The image obtaining means sequen-
tially obtains a taken image that is taken by imaging means.
The orientation information obtaining means obtains orien-
tation information indicating an orientation of the imaging
means. The specific object detection means detects a specific
object from the taken image obtained by the image obtaining
means. The positional relation calculation means calculates a
relative positional relation between the specific object and the
imaging means. The display determination means determines
at least any of a display form of a virtual object, a type of the
virtual object, and the number of the virtual objects, on the
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basis of at least the orientation information. The image gen-
eration means generates an image of the virtual object corre-
sponding to the determination by the display determination
means, on the basis of the positional relation calculated by the
positional relation calculation means. The display control
means displays the image of the virtual object on a display
device.

According to the above, at least any of the display form of
the virtual object, the type of the virtual object, and the num-
ber of the virtual objects is determined on the basis of the
orientation information indicating the orientation of the
imaging means. Then, the image of the virtual object corre-
sponding to the determination can be generated on the basis of
the relative positional relation between the specific object and
the imaging means and can be displayed on the display
device.

In another feature of the present invention, the display
determination means may determine the display form of the
virtual object on the basis of at least the orientation informa-
tion.

In still another feature of the present invention, the display
determination means may determine at least any of the dis-
play form of the virtual object, the type of the virtual object,
and the number of the virtual objects, on the basis of the
positional relation and the orientation information.

According to the above, at least any of the display form of
the virtual object, the type of the virtual object, and the num-
ber of the virtual objects can be determined on the basis of the
positional relation and the orientation information. As the
display form of the virtual object, for example, a position, an
attitude (including an orientation and a pose), a facial expres-
sion, a motion pattern, of the virtual object, an item possessed
by the virtual object, the stereoscopic effect of the virtual
object, the color and the brightness of the virtual object, orthe
like can be determined.

In still another feature of the present invention, the display
determination means may determine the display form of the
virtual object in accordance with an orientation of the specific
object with respect to a predetermined direction indicated by
the orientation information.

According to the above, the display form of the virtual
object can be determined in accordance with the orientation
of'the specific object with respect to the predetermined direc-
tion in the real space.

In still another feature of the present invention, the orien-
tation information obtaining means may obtain, as the orien-
tation information, orientation information indicating a pre-
determined direction in a coordinate system based on the
imaging means. The display determination means may cal-
culate a predetermined direction in a coordinate system based
on the specific object on the basis of the positional relation
and the orientation information obtained by the orientation
information obtaining means, and may determine the display
form of the virtual object on the basis of the calculated pre-
determined direction.

According to the above, the display form of the virtual
object can be determined on the basis of the predetermined
direction in the coordinate system based on the specific
object.

In still another feature of the present invention, at least
when the calculated predetermined direction indicates that
the specific object is located in a real space so as to be
perpendicular to the predetermined direction indicated by the
orientation information, the display determination means
may determine the display form of the virtual object as a first
display form. At least when the calculated predetermined
direction indicates that the specific objectis located in the real
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space so as to be parallel to the predetermined direction
indicated by the orientation information, the display determi-
nation means may determine the display form of the virtual
object as a second display form.

According to the above, the display form of the virtual
object can be different between the case where the specific
object is located so as to be perpendicular to the predeter-
mined direction and the case where the specific object is
located so as to be parallel to the predetermined direction.

In still another feature of the present invention, the display
determination means may determine an orientation of the
virtual object with respect to the specific objectin accordance
with the orientation of the specific object with respect to the
predetermined direction indicated by the orientation informa-
tion.

According to the above, the orientation of the virtual object
with respect to the specific object can be determined.

In still another feature of the present invention, at least
when the specific object is located in a real space so as to be
perpendicular to the predetermined direction indicated by the
orientation information, the display determination means
may determine the orientation of the virtual object such that
the virtual object has an orientation perpendicular to the spe-
cific object. At least when the specific object is located in the
real space so as to be parallel to the predetermined direction
indicated by the orientation information, the display determi-
nation means may determine the orientation of the virtual
object such that the virtual object has an orientation parallel to
the specific object.

According to the above, when the specific object is located
s0 as to be perpendicular to the predetermined direction (e.g.,
the direction of gravity) (e.g., when a marker is placed on a
table), the orientation of the virtual object can be determined
such that the virtual object has an orientation perpendicular to
the specific object. In addition, when the specific object is
located so as to be parallel to the predetermined direction
(e.g., the direction of gravity) (e.g., when the marker is
attached to a wall), the orientation of the virtual object can be
determined such that the virtual object has an orientation
parallel to the specific object.

In still another feature of the present invention, at least
when the specific object is located in the real space so as to be
parallel to the predetermined direction indicated by the ori-
entation information, the display determination means may
determine the orientation of the virtual object as a first orien-
tation if a rotation angle of at least a surface of the specific
object about an axis perpendicular to the surface is a first
angle, and may determine the orientation of the virtual object
as a second orientation if the rotation angle is a second angle.

According to the above, for example, when the specific
object is located so as to be parallel to the predetermined
direction (e.g., the direction of gravity) (e.g., when the marker
is attached to a wall), the orientation of the virtual object can
be determined. For example, the orientation of the virtual
object can be determined as the first orientation if the rotation
angle of at least the surface of the specific object about an axis
perpendicular to the surface is the first angle, and the orien-
tation of the virtual object can be determined as the second
orientation if the rotation angle is the second angle.

In still another feature of the present invention, the prede-
termined direction may be a direction of gravity.

In still another feature of the present invention, when the
predetermined direction in the coordinate system based on
the specific object is in a first range, the display determination
means may determine the display form of the virtual object as
a first form. When the predetermined direction in the coordi-
nate system based on the specific object is in a second range
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that is separated from the first range by a predetermined
boundary, the display determination means may determine
the display form of the virtual object as a second form. When
the display form of the virtual object is changed from the first
form to the second form, the display determination means
may set the predetermined boundary on the first range side as
compared to that when the display form of the virtual object
is changed from the second form to the first form.

According to the above, the display form of the virtual
object can be prevented from being frequently changed
between the first form and the second form.

In still another feature of the present invention, the display
control means may display the image of the virtual object
corresponding to the determination by the display determi-
nation means, on the display device such that the image of the
virtual object is superimposed on the taken image that is taken
by the imaging means or a real space that is viewed through a
screen of the display device.

According to the above, the image of the virtual object can
be displayed on the display device so as to be superimposed
on the real space.

In still another feature of the present invention, first infor-
mation indicating the first orientation and second information
indicating the second orientation may be provided on the
specific object. The first information is visible from an appro-
priate direction when a user views the specific object from a
first direction. The second information is visible from an
appropriate direction when the user views the specific object
from a second direction.

According to the above, since the information that is easily
understood by the user is provided on the specific object, the
user can intuitively perform an operation.

The information processing apparatus may include an ori-
entation sensor for detecting the orientation information, and
the orientation information obtaining means may obtain the
orientation information from the orientation sensor.

Another embodiment of the present invention may be an
information processing apparatus implementing the above
respective means. Still another embodiment of the present
invention may be one information processing system in
which multiple components implementing the above respec-
tive means operate in an interactive manner. The image pro-
cessing system may be constituted of one apparatus or a
plurality of apparatuses.

Further, another embodiment of the present invention may
be an information processing system comprising an informa-
tion processing apparatus and a marker. The information pro-
cessing apparatus comprises imaging means, orientation
detection means, image obtaining means, orientation info
nation obtaining means, marker detection means, positional
relation calculation means, display determination means,
image generation means, and display control means. The
imaging means takes an image of the marker. The orientation
detection means detects an orientation of the imaging means.
The image obtaining means sequentially obtains a taken
image that is taken by the imaging means. The orientation
information obtaining means obtains orientation information
indicating an orientation of the imaging means. The marker
detection means detects the marker from the taken image
obtained by the image obtaining means. The positional rela-
tion calculation means calculates a relative positional relation
between the marker and the imaging means. The display
determination means determines at least any ofa display form
of'a virtual object, a type of the virtual object, and the number
of the virtual objects, on the basis of at least the orientation
information. The image generation means generates an image
of'the virtual object corresponding to the determination by the
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display determination means, on the basis of the positional
relation calculated by the positional relation calculation
means. The display control means displays the image of the
virtual object on a display device.

According to the present invention, various images can be
displayed by a simple operation.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a Front view showing an external of a game
apparatus 10 in an opened state;

FIG. 2A is a Left side view of the game apparatus 10 in a
closed state;

FIG. 2B is a Front view of the game apparatus 10 in the
closed state;

FIG.2Cis aRightside view ofthe game apparatus 10 in the
closed state;

FIG. 2D is a rear view of the game apparatus 10 in the
closed state;

FIG. 3 is a block diagram illustrating an internal configu-
ration of the game apparatus 10;

FIG. 4 is a diagram illustrating an example of a marker 51
used in a display process according to an embodiment;

FIG. 5 is a diagram illustrating an example of an image
displayed on an upper LCD 22 when an image of the marker
51 placed in the real space is taken by using an outer imaging
section 23 of the game apparatus 10;

FIG. 6 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when an image of the marker
51 placed in the real space is taken by using the outer imaging
section 23 of the game apparatus 10 from a direction different
from that in FIG. 5;

FIG. 7 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when the marker 51 is
attached to a wall 52 such that a side SF of the marker 51, at
which letters “Front” are written, is located on the lower side
and an image of the marker 51 is taken;

FIG. 8 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when the marker 51 is
attached to the wall 52 such that a side SR of the marker 51,
at which letters “Right” are written, is located on the lower
side and an image of the marker 51 is taken;

FIG. 9 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when the marker 51 is
attached to the wall 52 such that a side SB of the marker 51,
at which letters “Back” are written, is located on the lower
side and an image of the marker 51 is taken;

FIG. 10 is a diagram illustrating a memory map of a RAM
(a main memory 32 and the like) of the game apparatus 10;

FIG. 11 is a main flowchart illustrating in detail the display
process according to the embodiment;

FIG. 12 is a diagram illustrating a marker coordinate sys-
tem that is set on the marker 51;

FIG. 13 is a diagram illustrating a situation where an image
of'the marker 51 placed on a table 50 parallel to the ground is
taken by the outer imaging section 23 of the game apparatus
10;

FIG. 14 is a diagram illustrating a situation where an image
of the marker 51 attached to the wall 52 perpendicular to the
ground is taken by the outer imaging section 23 of the game
apparatus 10;
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FIG. 15A is a diagram illustrating a position and an orien-
tation of a virtual character 65 when the marker 51 is placed
on a surface parallel to the ground (the table 50);

FIG. 15B is a diagram illustrating a position and an orien-
tation of the virtual character 65 when the marker 51 is
attached to a ceiling 54 or the like parallel to the ground;

FIG. 16A is a diagram illustrating an orientation of the
virtual character 65 when the marker 51 is attached to a
surface perpendicular to the ground, such that the side SF of
the marker 51, at which the letters “Front” are written, is
located on the lower side;

FIG. 16B is a diagram illustrating an orientation of the
virtual character 65 when the marker 51 is attached to a
surface perpendicular to the ground, such that the side SR of
the marker 51, at which the letters “Right” are written, is
located on the lower side;

FIG. 16C is a diagram illustrating an orientation of the
virtual character 65 when the marker 51 is attached to a
surface perpendicular to the ground, such that the side SB of
the marker 51, at which the letters “Back” are written, is
located on the lower side;

FIG. 16D is a diagram illustrating an orientation of the
virtual character 65 when the marker 51 is attached to a
surface perpendicular to the ground, such that a side SL of the
marker 51, at which letters “Left” are written, is located on the
lower side;

FIG. 17 is a diagram illustrating a virtual stereo camera 63
and the virtual character 65 that are set in a virtual space;

FIG. 18A is a diagram illustrating a situation where the
virtual character 65 is set so as to face the front when the
marker 51 is attached to the wall 52 in an inclined manner;

FIG. 18B is a diagram illustrating a situation where the
virtual character 65 is set so as to face the left when the marker
51 is attached to the wall 52 in an inclined manner; and

FIG. 19 is a diagram conceptually illustrating a process of
resetting a threshold for determining an orientation of the
virtual character 65.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Structure of Game Apparatus)

Hereinafter, a game apparatus according to an embodiment
of the present invention will be described. FIG. 1 is a front
view showing an external view of a game apparatus 10 in an
opened state. FIG. 2A is a left side view of the game apparatus
10 in a closed state, FIG. 2B is a front view of the game
apparatus 10 in the closed state, FIG. 2C is a right side view
of'the game apparatus 10 in the closed state, and FIG. 2D is a
rear view of the game apparatus 10 in the closed state. The
game apparatus 10 is a hand-held game apparatus, and is
configured to be foldable as shown in FIGS. 1 to 2D. FIG. 1
shows the game apparatus 10 in the opened state and FIGS.
2 A to 2D each show the game apparatus 10 in the closed state.
The game apparatus 10 is able to take an image by an imaging
section, display the taken image on a screen, and store data of
the taken image. The game apparatus 10 can execute a game
program which is stored in an exchangeable memory card or
a game program which is received from a server or another
game apparatus, and can display, on the screen, an image
generated by computer graphics processing, such as an image
taken by a virtual camera set in a virtual space, for example.

Initially, an external structure of the game apparatus 10 will
be described with reference to FIGS. 1 to 2D. The game
apparatus 10 includes a lower housing 11 and an upper hous-
ing 21 as shown in FIGS. 1 to 2D. The lower housing 11 and
the upper housing 21 are connected to each other so as to be
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openable and closable (foldable). In the present embodiment,
the lower housing 11 and the upper housing 21 have horizon-
tally long plate-like rectangular shapes and are connected to
each other at long side portions thereof so as to be pivotable
with respect to each other.

(Description of Lower Housing)

Initially, a structure of the lower housing 11 will be
described. As shown in FIGS. 1 to 2D, a lower LCD (Liquid
Crystal Display) 12, a touch panel 13, operation buttons 14A
to 141, an analog stick 15, an LED 16 A and an LED 16B, an
insertion opening 17, and a microphone hole 18 are provided
in the lower housing 11. Hereinafter, these components will
be described in detail.

As shown in FIG. 1, the lower LCD 12 is accommodated in
the lower housing 11. The number of pixels of the lower LCD
12 may be, for example, 320 dotsx240 dots (the horizontal
linexthe vertical line). The lower LCD 12 is a display device
for displaying an image in a planar manner (not in a stereo-
scopically visible manner), which is different from the upper
LCD 22 described below. Although an LCD is used as a
display device in the present embodiment, any other display
device such as a display device using an EL (Electro Lumi-
nescence) or the like, may be used. In addition, a display
device having any resolution may be used as the lower LCD
12.

As shown in FIG. 1, the game apparatus 10 includes the
touch panel 13 as an input device. The touch panel 13 is
mounted on the screen of the lower LCD 12. In the present
embodiment, the touch panel 13 is, but is not limited to, a
resistive film type touch panel. A touch panel of any type such
as electrostatic capacitance type may be used. In the present
embodiment, the touch panel 13 has the same resolution
(detection accuracy) as that of the lower LCD 12. However,
the resolution of the touch panel 13 and the resolution of the
lower LCD 12 may not necessarily be the same. Further, the
insertion opening 17 (indicated by dashed line in FIGS. 1 and
2D)is provided on the upper side surface of the lower housing
11. The insertion opening 17 is used for accommodating a
touch pen 28 which is used for performing an operation on the
touch panel 13. Although an input on the touch panel 13 is
usually made by using the touch pen 28, a finger of a user may
be used for making an input on the touch panel 13, in addition
to the touch pen 28.

The operation buttons 14A to 141 are each an input device
for making a predetermined input. As shown in FIG. 1, among
the operation buttons 14A to 141, a cross button 14A (a
direction input button 14A), a button 14B, a button 14C, a
button 14D, a button 14E, a power button 14F, a selection
button 14J], a HOME button 14K, and a start button 14L are
provided on the inner side surface (main surface) of the lower
housing 11. The cross button 14A has a cross shape, and
includes buttons for indicating an upward, a downward, a
leftward, or a rightward direction. The buttons 14A to 14E,
the selection button 14J, the HOME button 14K, and the start
button 141 are assigned functions, respectively, as necessary,
in accordance with a program executed by the game apparatus
10. For example, the cross button 14A is used for selection
operation and the like, and the operation buttons 14B to 14E
are used for, for example, determination operation and can-
cellation operation. The power button 14F is used for power-
ing the game apparatus 10 on/off.

The analog stick 15 is a device for indicating a direction.
The analog stick 15 has a top, corresponding to a key, which
is configured to slide parallel to the inner side surface of the
lower housing 11. The analog stick 15 acts in accordance with
a program executed by the game apparatus 10. For example,
when a game in which a predetermined object emerges in a
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three-dimensional virtual space is executed by the game
apparatus 10, the analog stick 15 acts as an input device for
moving the predetermined object in the three-dimensional
virtual space. In this case, the predetermined object is moved
in a direction in which the top corresponding to the key of the
analog stick 15 slides. As the analog stick 15, a component
which enables an analog input by being tilted by a predeter-
mined amount, in any direction, such as the upward, the
downward, the rightward, the leftward, or the diagonal direc-
tion, may be used.

Further, the microphone hole 18 is provided on the inner
side surface of the lower housing 11. Under the microphone
hole 18, a microphone 42 (see FIG. 3) is provided as a sound
input device described below, and the microphone 42 detects
for a sound from the outside of the game apparatus 10.

As shown in FIGS. 2B and 2D, an L button 14G and an R
button 14H are provided on the upper side surface of the lower
housing 11. The L button 14G and the R button 14H act as
shutter buttons (imaging instruction buttons) of the imaging
section, for example. Further, as shown in FIG. 2A, a sound
volume button 141 is provided on the left side surface of the
lower housing 11. The sound volume button 141 is used for
adjusting a sound volume of a speaker of the game apparatus
10.

As shown in FIG. 2A, a cover section 11C is provided on
the left side surface of the lower housing 11 so as to be
openable and closable. Inside the cover section 11C, a con-
nector (not shown) is provided for electrically connecting
between the game apparatus 10 and an external data storage
memory 45. The external data storage memory 45 is detach-
ably connected to the connector. The external data storage
memory 45 is used for, for example, recording (storing) data
of'an image taken by the game apparatus 10.

Further, as shown in FIG. 2D, an insertion opening 11D,
through which an external memory 44 having a game pro-
gram stored therein is inserted, is provided on the upper side
surface of the lower housing 11, and a connector (not shown)
for electrically connecting between the game apparatus 10
and the external memory 44 in a detachable manner is pro-
vided inside the insertion opening 11D. A predetermined
game program is executed by connecting the external
memory 44 to the game apparatus 10.

Further, as shown in FIGS. 1 and 2C, the first LED 16A for
notifying a user of an ON/OFF state of a power supply of the
game apparatus 10 is provided on the lower side surface of the
lower housing 11, and the second LED 16B for notifying a
user of an establishment state of a wireless communication of
the game apparatus 10 is provided on the right side surface of
the lower housing 11. The game apparatus 10 can make
wireless communication with other devices, and the second
LED 16B is litup when the wireless communication is estab-
lished. The game apparatus 10 has a function of connecting to
a wireless LAN in a method based on, for example, IEEE
802.11.b/g standard. A wireless switch 19 for enabling/dis-
abling the function of the wireless communication is pro-
vided on the right side surface of the lower housing 11 (see
FIG. 2C).

A rechargeable battery (not shown) acting as a power sup-
ply for the game apparatus 10 is accommodated in the lower
housing 11, and the battery can be charged through a terminal
provided on a side surface (for example, the upper side sur-
face) of the lower housing 11.

(Description of Upper Housing)

Next, a structure of the upper housing 21 will be described.
As shown in FIGS. 1to 2D, in the upper housing 21, an upper
LCD (Liquid Crystal Display) 22, an outer imaging section
23 (an outer imaging section (left) 23a¢ and an outer imaging
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section (right) 234), an inner imaging section 24, a 3D adjust-
ment switch 25, and a 3D indicator 26 are provided. Herein-
after, theses components will be described in detail.

As shown in FIG. 1, the upper LCD 22 is accommodated in
the upper housing 21. The number of pixels of the upper LCD
22 may be, for example, 800 dotsx240 dots (the horizontal
linexthe vertical line). Although, in the present embodiment,
the upper LCD 22 is an LCD, a display device using, for
example, an EL (Electro Luminescence), or the like may be
used. In addition, a display device having any resolution may
be used as the upper LCD 22.

Theupper LCD 22 is adisplay device capable of displaying
a stereoscopically visible image. Further, in the present
embodiment, a left-eye image and a right-eye image are dis-
played by using substantially the same display area. Specifi-
cally, the upper LCD 22 is a display device using a method in
which the left-eye image and the right-eye image are alter-
nately displayed in the horizontal direction in predetermined
units (for example, every other line). Alternatively, the upper
LCD 22 may be a display device using a method in which the
left-eye image and the right-eye image are alternately dis-
played for a predetermined time period and the left-eye image
and the right-eye image are viewed by the user’s left eye and
the right eye, respectively, by using glasses. In the present
embodiment, the upper LCD 22 is a display device capable of
displaying an image which is stereoscopically visible by the
naked eye, and a lenticular lens type display device or a
parallax barrier type display device is used which enables the
left-eye image and the right eye image, which are alternately
displayed in the horizontal direction, to be separately viewed
by the left eye and right eye, respectively. In the present
embodiment, the upper LCD 22 of a parallax barrier type is
used. The upper LCD 22 displays, by using the right-eye
image and the left eye image, an image (a stereoscopic image)
which is stereoscopically visible by the naked eye. That is, the
upper LCD 22 allows a user to view the left-eye image with
her/his left eye, and the right-eye image with her/his right eye
by utilizing a parallax barrier, so that a stereoscopic image (a
stereoscopically visible image) exerting a stereoscopic effect
on a user can be displayed. Further, the upper LCD 22 may
disable the parallax barrier. When the parallax barrier is dis-
abled, an image can be displayed in a planar manner (it is
possible to display a planar visible image which is different
from a stereoscopically visible image as described above.
That is, a display mode is used in which the same displayed
image is viewed with the left eye and the right eye.). Thus, the
upper LCD 22 is a display device capable of switching
between a stereoscopic display mode for displaying a stereo-
scopically visible image and a planar display mode (for dis-
playing a planar visible image) for displaying an image in a
planar manner. The switching of the display mode is per-
formed by the 3D adjustment switch 25 described below.

Two imaging sections (23a and 235) provided on the outer
side surface (the back surface reverse of the main surface on
which the upper LCD 22 is provided) 21D of the upper
housing 21 are generically referred to as the outer imaging
section 23. The imaging directions of the outer imaging sec-
tion (left) 234 and the outer imaging section (right) 235 are
each the same as the outward normal direction of the outer
side surface 21D. The outer imaging section (left) 23a and the
outer imaging section (right) 235 can be used as a stereo
camera depending on a program executed by the game appa-
ratus 10. Each of the outer imaging section (left) 23a and the
outer imaging section (right) 235 includes an imaging device,
such as a CCD image sensor or a CMOS image sensor, having
acommon predetermined resolution, and a lens. The lens may
have a zooming mechanism.
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The inner imaging section 24 is positioned on the inner side
surface (main surface) 21B of the upper housing 21, and acts
as an imaging section which has an imaging direction which
is the same direction as the inward normal direction of the
inner side surface. The inner imaging section 24 includes an
imaging device, such as a CCD image sensor and a CMOS
image sensor, having a predetermined resolution, and a lens.
The lens may have a zooming mechanism.

The 3D adjustment switch 25 is a slide switch, and is used
for switching a display mode of the upper LCD 22 as
described above. Further, the 3D adjustment switch 25 is used
for adjusting the stereoscopic effect of a stereoscopically
visible image (stereoscopic image) which is displayed on the
upper LCD 22. A slider 25a of the 3D adjustment switch 25 is
slidable to any position in a predetermined direction (along
the longitudinal direction of the right side surface), and a
display mode of the upper LCD 22 is determined in accor-
dance with the position of the slider 25a. Further, a manner in
which the stereoscopic image is visible is adjusted in accor-
dance with the position of the slider 25a. Specifically, an
amount of shift of the right-eye image and the left-eye image
in the horizontal direction is adjusted in accordance with the
position of the slider 25a.

The 3D indicator 26 indicates whether or not the upper
LCD 22 is in the stereoscopic display mode. The 3D indicator
26 is implemented as an LED, and is lit up when the stereo-
scopic display mode of the upper LCD 22 is enabled. The 3D
indicator 26 may be lit up only when the program processing
for displaying a stereoscopically visible image is performed.

Further, a speaker hole 21E is provided on the inner side
surface of the upper housing 21. A sound from a speaker 43
described below is outputted through the speaker hole 21E.

(Internal Configuration of Game Apparatus 10)

Next, an internal electrical configuration of the game appa-
ratus 10 will be described with reference to FIG. 3. FIG. 3 is
a block diagram illustrating an internal configuration of the
game apparatus 10. As shown in FIG. 3, the game apparatus
10 includes, in addition to the components described above,
electronic components such as an information processing
section 31, a main memory 32, an external memory interface
(external memory I/F) 33, an external data storage memory
I/F 34, an internal data storage memory 35, a wireless com-
munication module 36, a local communication module 37, a
real-time clock (RTC) 38, an acceleration sensor 39, a power
supply circuit 40, an interface circuit (I/F circuit) 41. These
electronic components are mounted on an electronic circuit
substrate, and accommodated in the lower housing 11 (or the
upper housing 21).

The information processing section 31 is information pro-
cessing means which includes a CPU (Central Processing
Unit) 311 for executing a predetermined program, a GPU
(Graphics Processing Unit) 312 for performing image pro-
cessing, and the like. The CPU 311 of the information pro-
cessing section 31 executes a process according to the pro-
gram by executing a program stored in a memory (for
example, the external memory 44 connected to the external
memory I/F 33 or the internal data storage memory 35) inside
the game apparatus 10. The program executed by the CPU
311 of the information processing section 31 may be acquired
from another device through communication with the other
device. The information processing section 31 further
includes a VRAM (Video RAM) 313. The GPU 312 of the
information processing section 31 generates an image in
accordance with an instruction from the CPU 311 of the
information processing section 31, and renders the image in
the VRAM 313. The GPU 312 of the information processing
section 31 outputs the image rendered in the VRAM 313, to
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the upper LCD 22 and/or the lower LCD 12, and the image is
displayed on the upper LCD 22 and/or the lower LCD 12.

To the information processing section 31, the main
memory 32, the external memory I/F 33, the external data
storage memory I/F 34, and the internal data storage memory
35 are connected. The external memory I/F 33 is an interface
for detachably connecting to the external memory 44. The
external data storage memory I/F 34 is an interface for detach-
ably connecting to the external data storage memory 45.

The main memory 32 is volatile storage means used as a
work area and a buffer area for (the CPU 311 of) the infor-
mation processing section 31. That is, the main memory 32
temporarily stores various types of data used for the process
based on the program, and temporarily stores a program
acquired from the outside (the external memory 44, another
device, or the like), for example. In the present embodiment,
for example, a PSRAM (Pseudo-SRAM) is used as the main
memory 32.

The external memory 44 is nonvolatile storage means for
storing a program executed by the information processing
section 31. The external memory 44 is implemented as, for
example, a read-only semiconductor memory. When the
external memory 44 is connected to the external memory I/F
33, the information processing section 31 can load a program
stored in the external memory 44. A predetermined process is
performed by the program loaded by the information process-
ing section 31 being executed. The external data storage
memory 45 is implemented as a non-volatile readable and
writable memory (for example, a NAND flash memory), and
is used for storing predetermined data. For example, images
taken by the outer imaging section 23 and/or images taken by
another device are stored in the external data storage memory
45. When the external data storage memory 45 is connected to
the external data storage memory I/F 34, the information
processing section 31 loads an image stored in the external
data storage memory 45, and the image can be displayed on
the upper LCD 22 and/or the lower LCD 12.

The internal data storage memory 35 is implemented as a
non-volatile readable and writable memory (for example, a
NAND flash memory), and is used for storing predetermined
data. For example, data and/or programs downloaded through
wireless communication via the wireless communication
module 36 are stored in the internal data storage memory 35.

The wireless communication module 36 has a function of
connecting to a wireless LAN by using a method based on, for
example, IEEE 802.11.b/g standard. The local communica-
tion module 37 has a function of performing wireless com-
munication with a game apparatus of the same type by using
a predetermined communication method (for example, com-
munication through a unique protocol, or infrared communi-
cation). The wireless communication module 36 and the local
communication module 37 are connected to the information
processing section 31. The information processing section 31
can perform data transmission to and data reception from
another device via the Internet by using the wireless commu-
nication module 36, and can perform data transmission to and
data reception from another game apparatus of the same type
by using the local communication module 37.

The acceleration sensor 39 is connected to the information
processing section 31. The acceleration sensor 39 detects
magnitudes of accelerations (linear accelerations) in direc-
tions of straight lines along three axial (xyz axial) directions,
respectively. The acceleration sensor 39 is provided inside the
lower housing 11. In the acceleration sensor 39, as shown in
FIG. 1, the long side direction of the lower housing 11 is
defined as the x-axial direction, the short side direction of the
lower housing 11 is defined as the y-axial direction, and the
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direction orthogonal to the inner side surface (main surface)
of the lower housing 11 is defined as the z-axial direction,
thereby detecting magnitudes of the linear accelerations for
the respective axes. The acceleration sensor 39 is, for
example, an electrostatic capacitance type acceleration sen-
sor. However, another type of acceleration sensor may be
used. The acceleration sensor 39 may be an acceleration
sensor for detecting a magnitude of acceleration for one axial
direction or two axial directions. The information processing
section 31 can receive data (acceleration data) representing
accelerations detected by the acceleration sensor 39, and
detect an orientation and a motion of the game apparatus 10.

The RTC 38 and the power supply circuit 40 are connected
to the information processing section 31. The RTC 38 counts
time and outputs the time to the information processing sec-
tion 31. The information processing section 31 calculates a
current time (date), based on the time counted by the RTC 38.
The power supply circuit 40 controls power from the power
supply (the rechargeable battery accommodated in the lower
housing 11 as described above) of the game apparatus 10, and
supplies power to each component of the game apparatus 10.

The I/F circuit 41 is connected to the information process-
ing section 31. The microphone 42 and the speaker 43 are
connected to the I/F circuit 41. Specifically, the speaker 43 is
connected to the I/F circuit 41 through an amplifier (not
shown). The microphone 42 detects user’s voice, and outputs
a sound signal to the I/F circuit 41. The amplifier amplifies the
sound signal outputted from the I/F circuit 41, and a sound is
outputted from the speaker 43. The touch panel 13 is con-
nected to the OF circuit41. The I/F circuit 41 includes a sound
control circuit for controlling the microphone 42 and the
speaker 43 (amplifier), and a touch panel control circuit for
controlling the touch panel. The sound control circuit per-
forms A/D conversion and D/A conversion on the sound
signal, and converts the sound signal to a predetermined form
of sound data, for example. The touch panel control circuit
generates a predetermined form of touch position data, based
on a signal outputted from the touch panel 13, and outputs the
touch position data to the information processing section 31.
The touch position data represents a coordinate of a position
on which an input is made on an input surface of the touch
panel 13. The touch panel control circuit reads a signal out-
putted from the touch panel 13, and generates the touch
position data every predetermined time. The information pro-
cessing section 31 acquires the touch position data to recog-
nize a position on which an input is made on the touch panel
13.

The operation button 14 includes the operation buttons
14A to 14L described above, and is connected to the infor-
mation processing section 31. Operation data representing an
input state of each of the operation buttons 14A to 14I is
outputted from the operation button 14 to the information
processing section 31, and the input state indicates whether or
not each of the operation buttons 14A to 141 has been pressed.
The information processing section 31 acquires the operation
data from the operation button 14 to perform a process in
accordance with the input on the operation button 14.

The lower LCD 12 and the upper LCD 22 are connected to
the information processing section 31. The lower LCD 12 and
the upper LCD 22 each display an image in accordance with
an instruction from (the GPU 312 of) the information pro-
cessing section 31. In the present embodiment, the informa-
tion processing section 31 displays a stereoscopic image (ste-
reoscopically visible image) on the upper LCD 22.

Specifically, the information processing section 31 is con-
nected to an LCD controller (not shown) of the upper LCD 22,
and causes the LCD controller to set the parallax barrier to
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ON or OFF. When the parallax barrier is set to ON in the upper
LCD 22, a right-eye image and a left-eye image, which are
stored in the VRAM 313 of the information processing sec-
tion 31, are outputted to the upper LCD 22. More specifically,
the LCD controller alternately repeats reading of pixel data of
the right-eye image for one line in the vertical direction, and
reading of pixel data of the left-eye image for one line in the
vertical direction, thereby reading, from the VRAM 313, the
right-eye image and the left-eye image. Thus, an image to be
displayed is divided into the right-eye images and the left-eye
images each of which is a rectangle-shaped image having one
line of pixels aligned in the vertical direction, and an image,
in which the rectangle-shaped image for the left eye which is
obtained through the division, and the rectangle-shaped right-
eye image which is obtained through the division are alter-
nately aligned, is displayed on the screen of the upper LCD
22. A user views the images through the parallax barrier in the
upper LCD 22, so that the right-eye image is viewed with the
user’s right eye, and the left-eye image is viewed with the
user’s left eye. Thus, the stereoscopically visible image is
displayed on the screen of the upper LCD 22.

The outer imaging section 23 and the inner imaging section
24 are connected to the information processing section 31.
The outer imaging section 23 and the inner imaging section
24 each take an image in accordance with an instruction from
the information processing section 31, and output data of the
taken image to the information processing section 31.

The 3D adjustment switch 25 is connected to the informa-
tion processing section 31. The 3D adjustment switch 25
transmits to the information processing section 31 an electri-
cal signal in accordance with the position of the slider 25a.

The 3D indicator 26 is connected to the information pro-
cessing section 31. The information processing section 31
controls whether or not the 3D indicator 26 is to be lit up. For
example, the information processing section 31 lights up the
3D indicator 26 when the upper LCD 22 is in the stereoscopic
display mode.

Further, the angular velocity sensor 46 is connected to the
information processing section 31. The angular velocity sen-
sor 46 detects an angular velocity about each axis (x axis, y
axis, and z axis). The game apparatus 10 can calculate an
orientation of the game apparatus 10 in real space, in accor-
dance with an angular velocity sequentially detected by the
angular velocity sensor 46. Specifically, the game apparatus
10 can calculate an angle of rotation of the game apparatus 10
about each axis by integrating, with time, the angular velocity
about each axis, which is detected by the angular velocity
sensor 46. This is the end of the description of the internal
configuration of the game apparatus 10.

(Outline of Display Process of Present Embodiment)

Next, an outline of a display process performed in the game
apparatus 10 according to the present embodiment will be
described with reference to FIGS. 4 to 9. FIG. 4 is a diagram
illustrating an example of a marker 51 used in the display
process according to the present embodiment. In the present
embodiment, when an image of the marker 51 shown in FIG.
4 is taken by the outer imaging section 23 of the game appa-
ratus 10, a predetermined virtual character is displayed on the
upper LCD 22.

As shown in FIG. 4, the marker 51 is made of a rectangular
piece of paper, and letters “Front”, “Right”, “Back”, and
“Left” are printed near sides (SF, SR, SB, and SL), respec-
tively, of the piece of paper. These letters written at each side
are written such that these letters can be visually recognized
from the front when each side is located on the lower side. For
example, when the side SF, at which the letters “Front™ are
written, 1s located on the lower side, the letters “Front” can be
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visually recognized from the front, and the letters “Back”
written at the side SB opposed to the side SF, at which the
letters “Front” are written, are located upside down. In addi-
tion, a square region 51a is provided at the center of the piece
of paper, and a predetermined pattern is drawn on the region
51a. Specifically, as shown in FIG. 4, there are square regions
51b, 51¢, and 51d having a predetermined color (e.g., white),
and there is also a region 51e filled with a color (e.g., black)
different from that of these regions 515, 51¢, and 51d. The
square regions 515 and 51c¢ are arranged in a line parallel to
the side SF at which the letters “Front” are written, and a line
connecting the center of the square region 515 to the center of
the square region 51¢ passes through the center of the marker
51. Further, the center of the square region 51d is located on
a line extending from the center of the marker 51 perpendicu-
larly to the side SB at which the letters “Back™ are written.

FIG. 5 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when an image of the marker
51 placed in the real space is taken by using the outer imaging
section 23 of the game apparatus 10. As shown in FIG. 5, a
table (or floor) 50 of which a placed surface is parallel to the
ground (or perpendicular to the direction of gravity) is located
in the real space, and the marker 51 is placed on the table 50.
When an image of the marker 51 is taken by using the outer
imaging section 23 of the game apparatus 10, an image of the
real space including the marker 51 is displayed on the upper
LCD 22 such that an image of a virtual character 65 is super-
imposed on the image of the real space. The image displayed
on the upper LCD 22 is a stereoscopically visible image that
can be stereoscopically viewed by the user. Specifically, as
shown in FIG. 5, when an image of the marker 51 is taken
from such a direction that the side SF of the marker 51, at
which the letters ‘“Front” are written, is located on the lower
side, an image of the virtual character 65 viewed from the
front is displayed on the upper LCD 22. The virtual character
65 looks as if standing at the center of the marker 51.

FIG. 6 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when an image of the marker
51 placed in the real space is taken by using the outer imaging
section 23 of the game apparatus 10 from a direction difterent
from that in FIG. 5. As shown in FIG. 6, when an image of the
marker 51 is taken from such a direction that the side SR of the
marker 51, at which the letters “Right” are written, is located
onthe lower side, an image of the virtual character 65 viewed
from the right (a taken image of the left side of the virtual
character 65) is displayed on the upper LCD 22.

In addition, although not shown, when an image of the
marker 51 is taken from such a direction that the side SB of the
marker 51, at which the letters “Back™ are written, is located
onthe lower side, an image of the virtual character 65 viewed
from the back is displayed on the upper LCD 22. Further,
when an image of the marker 51 is taken from such a direction
the side SL of the marker 51, at which the letters “Left” are
written, is located on the lower side, an image of the virtual
character 65 viewed from the left (a taken image of the right
side of the virtual character 65) is displayed on the upper LCD
22.

As described above, when the marker 51 is placed on the
table 50 parallel to the ground and an image of the marker 51
is taken, an image in which the virtual character 65 looks as if
existing in the real space and standing on the marker 51 is
displayed on the upper LCD 22. Then, when the marker 51 is
rotated about the central axis of the marker 51 or the game
apparatus 10 is rotated about the central axis of the marker 51,
the direction in which the virtual character 65 on the marker
51 is viewed also changes in accordance with this rotation.
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As described below, by taking an image of the marker 51
and detecting the maker 51, the game apparatus 10 establishes
a marker coordinate system based on the marker 51 and
locates the virtual character 65 in the marker coordinate sys-
tem. By taking images of the virtual character 65 located in
the marker coordinate system by a virtual stereo camera, a
stereoscopically visible image of the virtual character 65 is
generated. Then, the generated stereoscopically visible image
of the virtual character 65 and a stereoscopically visible
image of the real space that is taken by the outer imaging
section 23 and that includes the marker 51 are superimposed
on each other, and a stereoscopically visible image obtained
by this superimposition is displayed on the upper LCD 22.
When the virtual character 65 is displayed so as to be super-
imposed on the taken image of the real space including the
marker 51 as described above, the virtual character 65 looks
as if existing on the marker 51 in the real space.

Next, the case where the marker 51 is attached to a wall
perpendicular to the ground will be described. FIG. 7 is a
diagram illustrating an example of an image displayed on the
upper LCD 22 when the marker 51 is attached to a wall 52
such that the side SF of the marker 51, at which the letters
“Front” are written, is located on the lower side and an image
of is taken.

As shown in FIG. 7, the marker Si is attached to the wall 52
perpendicular to the ground (parallel to the direction of grav-
ity) such that the side SF of the marker 52, at which the letters
“Front” are written, is located on the lower side. When an
image of the marker 51 is taken by the outer imaging section
23 of the game apparatus 10, the virtual character 65 that
stands so as to be parallel to the marker 51 (the wall 52) and
that faces the front is displayed on the upper LCD 22 so as to
be superimposed on a taken image of the marker 51. In this
case, the user feels as if the virtual character 65 existed on the
near side of the marker 51. When the marker 51 is attached to
the wall 52 such that the side SF of the marker 51, at which the
letters “Front” are written, is located on the lower side and an
image of the marker 51 is taken, an image is displayed in
which the virtual character 65 stands so as to be parallel to the
wall 52 and faces the front.

FIG. 8 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when the marker 51 is
attached to the wall 52 such that the side SR of'the marker 51,
atwhich the letters “Right” are written, is located on the lower
side and an image of the marker 51 is taken. As shown in FIG.
8, when the marker 51 is attached to the wall 52 such that the
side SR of the marker 51, at which the letters “Right” are
written, is located on the lower side and an image of the
marker 51 is taken by the outer imaging section 23 of the
game apparatus 10, the virtual character 65 that stands so as to
be parallel to the marker 51 (the wall 52) and that faces the left
is displayed on the upper LCD 22. In other words, an image of
the virtual character 65 viewed from the right side of the
virtual character 65 is displayed on the upper LCD 22 so as to
be superimposed on an taken image of the marker 51. In this
case, the user feels as if the virtual character 65 existed on the
near side of the marker 51. When the marker 51 is attached to
the wall 52 such that the side SR ofthe marker 51, at which the
letters “Right” are written, is located on the lower side and an
image of the marker 51 is taken as described above, an image
of' the virtual character 65 viewed from the right (an image in
which the virtual character 65 stands so as to be parallel to the
wall 52 and faces the left) is displayed.

FIG. 9 is a diagram illustrating an example of an image
displayed on the upper LCD 22 when the marker 51 is
attached to the wall 52 such that the side SB of'the marker 51,
at which the letters “Back” are written, is located on the lower
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side and an image of the marker 51 is taken. As shown in FIG.
9, when the marker 51 is attached to the wall 52 such that the
side SB of the marker 51, at which the letters “Back” are
written, is located on the lower side and an image of the
marker 51 is taken by the outer imaging section 23 of the
game apparatus 10, the virtual character 65 that stands so as to
be parallel to the marker 51 (the wall 52) and that faces the
back is displayed on the upper LCD 22. In other words, an
image of the virtual character 65 viewed from the back side of
the virtual character 65 is displayed on the upper LCD 22 so
as to be superimposed on a taken image of the marker 51. In
this case, the user feels as if the virtual character 65 existed on
the near side of the marker 51. When the marker 51 is attached
to the wall 52 such that the side SB of the marker 51, at which
the letters “Back” are written, is located on the lower side and
an image of the marker 51 is taken as described above, an
image is displayed in which the virtual character 65 stands so
as to be parallel to the wall 52 and faces the back.

Although not shown, when an image of the marker 51 that
is attached to the wall 52 such that the side SL of the marker
51, at which the letters “Left” are written, is located on the
lower side is taken by the outer imaging section 23, an image
of the virtual character 65 viewed from the left (an image in
which the virtual character 65 stands so as to be parallel to the
wall 52 and faces the right) is displayed.

As described above, when the marker 51 is placed on the
table 50 or the like parallel to the ground and an image of the
marker 51 is taken by the outer imaging section 23, the virtual
character 65 has an orientation perpendicular to the table 50
and is displayed as if the virtual character 65 stood on the
table 50 (see FIGS. 4 and 5). On the other hand, when the
marker 51 is attached to the wall 52 or the like perpendicular
to the ground and an image of the marker 52 is taken by the
outer imaging section 23, the virtual character 65 has an
orientation parallel to the wall 52 and is displayed as if the
virtual character 65 stood so as to be parallel to the wall 52
(see FIGS. 7t0 9).

Although details will be described below, the game appa-
ratus 10 determines whether or not the marker 51 is placed so
as to be parallel to the ground or perpendicular to the ground,
on the basis of the values of accelerations detected by the
acceleration sensor 39. Then, in accordance with a result of
the determination, the game apparatus 10 determines an ori-
entation of the virtual character 65.

(Details of Display Process)

Next, details of the display process according to the present
embodiment will be described with reference to FIGS. 10 to
19. First, main data stored in the main memory 32 and the
VRAM 313 (hereinafter, they may collectively be referred to
as RAM) in the display process will be described. FIG. 10 is
a diagram illustrating a memory map of the RAM (the main
memory 32 and the like) of the game apparatus 10. As shown
in FIG. 10, a game program 70, areal image 711 for aleft eye,
a real image 71R for a right eye, acceleration data 72, char-
acter orientation information 73, marker information 74, a
left virtual character image 75L, a right virtual character
image 75R, threshold data 76, last character orientation infor-
mation 77, and the like are stored in the RAM. In addition to
them, data indicating the shape of the virtual character 65,
data concerning a button operation performed by the user, and
the like are stored in the RAM.

The game program 70 is a program for causing the infor-
mation processing section 31 (the CPU 311) to perform a
display process illustrated in a flowchart described below.

The real image 71L for a left eye is an image taken by the
outer imaging section (left) 23a, and is a real image for a left
eye that is viewed with the left eye of the user. The real image
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71R for a right eye is an image taken by the outer imaging
section (right) 235, and is a real image for a right eye that is
viewed with the right eye of the user.

The acceleration data 72 indicates the value of an accelera-
tion, in each of the axial (x-axial, y-axial, z-axial) directions,
which is detected by the acceleration sensor 39. The accel-
eration sensor 39 detects the magnitude of a linear accelera-
tion along each axis, with: the long side direction of the lower
housing 11 being defined as the x-axial direction; the short,
side direction of the lower housing 11 being defined as the
y-axial direction; and the direction orthogonal to the inner
side surface (main surface) of the lower housing 11 being
defined as the z-axial direction. The acceleration sensor 39
detects an acceleration in each axial direction at predeter-
mined time intervals, and the value of the acceleration in each
axial direction is stored as the acceleration data 72 at the
predetermined time intervals.

The character orientation information 73 is information
indicating a position and an orientation of the virtual charac-
ter 65. The information indicating a position and an orienta-
tion of the virtual character 65 is information indicating a
position and an orientation of the virtual character 65 in a
virtual space (a marker coordinate system) in which the vir-
tual character 65 is located. Specifically, the information indi-
cating a position and an orientation of the virtual character 65
is represented by a matrix.

The marker information 74 is information indicating a
position and an orientation of the marker 51 with respect to
the game apparatus 10 (or the outer imaging section 23), and
is information indicating a position and an orientation of the
marker 51 with respect to the game apparatus 10 in the marker
coordinate system (see FIG. 12) described below. The infor-
mation indicating a position and an orientation of the marker
51 is represented by a matrix.

The left virtual character image 751 is an image of the
virtual character 65, in the virtual space, which is taken by a
left virtual camera 63a of a virtual stereo camera 63 (see FIG.
17). The right virtual character image 75R is an image of the
virtual character 65, in the virtual space, which is taken by a
right virtual camera 635 of the virtual stereo camera 63 (see
FIG. 17). As described below, the virtual stereo camera 63 for
taking an image of the virtual character 65 is set in the virtual
space (the marker coordinate system). The left virtual char-
acter image 750 and the right virtual character image 75R are
images of the virtual character 65 taken by the virtual stereo
camera 63.

The threshold data 76 indicates a threshold used for deter-
mining an orientation of the virtual character 65.

The last character orientation information 77 indicates a
position and an orientation of the virtual character 65 that are
determined in processing in the last frame.

(Description of Flowchart)

Next, the display process will be described in detail with
reference to FIG. 11.

FIG. 11 is a main flowchart illustrating in detail the display
process according to the present embodiment. When the
game apparatus 10 is powered on, the information processing
section 31 (CPU 311) of the game apparatus 10 executes a
boot program stored in a ROM, thereby initializing the
respective units such as the main memory 32. Next, the game
program 70 stored in a nonvolatile memory (such as the
external memory 44 or the like that is a computer-readable
storage medium) is loaded into the RAM (specifically, the
main memory 32), and the CPU 311 of the information pro-
cessing section 31 starts execution of the program. After the
above process is completed, processes shown in the flowchart
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in FIG. 11 are performed by the information processing sec-
tion 31 (the CPU 311 or the GPU 312).

It should be noted that in FIG. 11, processes that do not
directly relate to the present invention are omitted. In addi-
tion, processes at steps S101 to S109 shown in FIG. 11 are
repeatedly performed in every single frame (e.g., Y50 sec or
Vso sec that is referred to as a frame time).

First, at step S101, the information processing section 31
obtains images taken by the outer imaging section 23. Spe-
cifically, the information processing section 31 obtains an
image taken by the outer imaging section (left) 234 and stores
the image as the real image 711 for a left eye in the RAM, and
also obtains an image taken by the outer imaging section
(right) 235 and stores the image as the real image 71R for a
right eye in the RAM. Next, the information processing sec-
tion 31 performs a process at step S102.

At step S102, the information processing section 31 refers
to the acceleration data 72 stored in the RAM and obtains the
value of an acceleration, in each axial direction, which is
detected by the acceleration sensor 39. Next, the information
processing section 31 performs a process at step S103.

At step S103, the information processing section 31 calcu-
lates a position and an orientation of the marker 51 with
respect to the game apparatus 10 on the basis of the images
obtained at step S101. Specifically, the information process-
ing section 31 detects the marker 51 by performing image
processing such as pattern matching on either or both of the
realimage 71L for a left eye and the real image 71R for aright
eye that are obtained at step S101. The information process-
ing section 31 calculates the positional relation between the
marker 51 and the game apparatus 10 in the real space on the
basis of the shape and the size of the image and the orienta-
tion, of the detected marker 51, and sets a marker coordinate
system on the marker 51.

FIG. 12 is a diagram illustrating the marker coordinate
system that is set on the marker 51. As shown in FIG. 12, the
origin of the marker coordinate system (XYZ coordinate
system) is set at the center of the marker 51. The X axis of the
marker coordinate system is set to have the direction from the
center of the marker 51 toward the center of the side SF at
which the letters “Front™ are written (the direction opposite to
the direction from the center of the marker 51 toward the
center of the square region 514). In addition, the Z axis of the
marker coordinate system is set to have the direction from the
center of the marker 51 toward the center of the side SR at
which the letters “Right” are written (the direction from the
center of the marker 51 toward the center of the square region
51c). Further, theY axis of the marker coordinate system is set
to have the upward direction perpendicular to the marker 51.
In the game apparatus 10, the shape and the size of the marker
51 and the pattern drawn on the region 51a are previously
stored. The information processing section 31 sets the marker
coordinate system by detecting an image of the marker 51
included in the real image 71L for a left eye and/or the real
image 71R for a right eye. The marker coordinate system set
thus is a coordinate system fixed to the marker 51, and, for
example, when the marker 51 in the real space is rotated about
the central axis of the marker 51, the marker coordinate sys-
tem also rotates similarly.

More specifically, at step S103, the information processing
section 31 calculates a matrix indicating the positional rela-
tion between the game apparatus 10 and the marker 51. The
matrix indicating the positional relation between the game
apparatus 10 and the marker Si is a matrix indicating the
position and the orientation (rotation) of the marker 51 with
respect to the game apparatus 10, or is a matrix indicating the
position and the orientation of the game apparatus 10 with
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respect to the marker 51. As shown in FIG. 12, the matrix
indicating the position and the orientation of the marker 51
with respect to the game apparatus 10 is a coordinate trans-
formation matrix for transforming a coordinate represented in
abody coordinate system (xyz coordinate system) fixed to the
game apparatus 10, into a coordinate represented in the
marker coordinate system (XYZ coordinate system). The
information processing section 31 can calculate the distance
between the marker 51 and the game apparatus 10, the orien-
tation of the marker 51, and the like from the image of the
marker 51 included in the obtained image, and can calculate
the matrix indicating the position and the orientation of the
marker 51 with respect to the game apparatus 10. The infor-
mation processing section 31 stores the calculated matrix as
the marker information 74 in the RAM. After the process at
step S103, the information processing section 31 performs a
process at step S104. When not detecting the marker 51 from
either or both of the real image 71L for a left eye and the real
image 71R for a right eye, the information processing section
31 ends the process of the flowchart without performing the
subsequent processes (processes at steps S104 to S109).

At step S104, the information processing section 31 calcu-
lates a direction of gravity in the body coordinate system (xyz
coordinate system) on the basis of the values of the accelera-
tions obtained at step S102. Specifically, the information
processing section 31 calculates an acceleration vector G1
(Gx, Gy, Gz) having components that are the value Gx of the
acceleration in the x-axial direction, the value Gy of the
acceleration in the y-axial direction, and the value Gz of the
acceleration in the z-axial direction, which are obtained at
step S102. Next, the information processing section 31 per-
forms a process at step S105.

At step S105, the information processing section 31 calcu-
lates a direction of gravity in the marker coordinate system on
the basis of the position and the orientation of the marker 51
and the calculated direction of gravity. Specifically, the infor-
mation processing section 31 calculates an acceleration vec-
tor G2 (GX, GY, GZ) indicating the direction of gravity in the
marker coordinate system, by multiplying the acceleration
vector G1 calculated at step S104 by the matrix indicating the
position and the orientation of the marker 51 calculated at step
S103. Next, the information processing section 31 performs a
process at step S106.

At step S106, the information processing section 31 deter-
mines the orientation of the virtual character 65 on the basis of
the direction of gravity in the marker coordinate system that is
calculated at step S105. Specifically, first, the information
processing section 31 determines whether the relation
between the marker 51 and the ground is parallelism or closer
to parallelism than to perpendicularity, or is perpendicularity
or closer to perpendicularity than to parallelism, on the basis
of the value GY of the Y axis component of the acceleration
vector G2 that indicates the direction of gravity in the marker
coordinate system and that is calculated at step S105.

FIG. 13 is a diagram illustrating a situation where an image
of the marker 51 placed on the table 50 parallel to the ground
is taken by the outer imaging section 23 of the game apparatus
10. FIG. 14 is a diagram illustrating a situation where an
image of the marker 51 attached to the wall 52 perpendicular
to the ground is taken by the outer imaging section 23 of the
game apparatus 10. As shown in FIG. 13, the acceleration
vector G1 calculated at step S104 is a vector representing the
direction of gravity in the body coordinate system (xyz coor-
dinate system), and the acceleration vector G2 calculated at
step S105 is a vector representing the direction of gravity in
the marker coordinate system (XYZ coordinate system).
When the marker 51 is placed on the table 50 parallel to the
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ground, the value of the acceleration vector G2 in the Y axis
negative direction agrees with the value G of the gravitational
acceleration (GY=-G). Meanwhile, when the marker 51 is
attached to the wall 52 perpendicular to the ground as shown
in FIG. 14, the Y axis value of the acceleration vector G2 is 0
(GY=0).

Therefore, the information processing section 31 deter-
mines whether the relation between the marker 51 and the
ground is parallelism or close to parallelism, or is perpendicu-
larity or close to perpendicularity, on the basis of the value,
concerning the Y axis, of the acceleration vector G2 (the
vector indicating the direction of gravity in the marker coor-
dinate system) calculated at step S105. In the present embodi-
ment, the information processing section 31 determines
whether the marker 51 is parallel to the ground or close to
being parallel to the ground, or is perpendicular to the ground
or close to being perpendicular to the ground. For example,
when the marker 51 is placed on a surface that is inclined
relative to the ground at a predetermined angle, the marker 51
is regarded as being placed on a surface close to being parallel
to the ground (the table 50). In addition, for example, when
the marker 51 is attached to a surface that is inclined relative
to the ground at an angle higher than the predetermined angle,
the marker 51 is regarded as being attached to a surface close
to being perpendicular to the ground (the wall 52). Specifi-
cally, when the absolute value of the Y axis value GY of the
acceleration vector G2 is lower than a first threshold (a thresh-
old indicated by the threshold data 76), the information pro-
cessing section 31 determines that the marker 51 is perpen-
dicular to the ground or close to being perpendicular to the
ground. Further, when the absolute value of the Y axis value
GY of the acceleration vector G2 is higher than a second
threshold (>the first threshold; a threshold indicated by the
threshold data 76), the information processing section 31
determines that the marker 51 is parallel to the ground or close
to being parallel to the ground. It should be noted that the
information processing section 31 can determine whether the
marker 51 is placed on the table 50 or the like parallel to the
ground or close to being parallel to the ground or is attached
to a ceiling or the like parallel to the ground or close to being
parallel to the ground, on the basis of whether the Y axis value
GY of the acceleration vector G2 is positive or negative. In
other words, when the value GY is negative, the information
processing section 31 can determine that the marker 51 is
placed on the table 50 or the like (the marker 51 is viewed
from the above). On the other hand, when the value GY is
positive, the information processing section 31 can determine
that the marker 51 is attached to the ceiling or the like (the
marker 51 is viewed from the below).

When determining that the marker 51 is parallel to the
ground or close to being parallel to the ground, the informa-
tion processing section 31 determines a position and an ori-
entation of the virtual character 65. FIG. 15A is a diagram
illustrating a position and an orientation of the virtual char-
acter 65 when the marker 51 is placed on the table 50 parallel
to the ground.

As shown in FIG. 15 A, the information processing section
31 determines the position P of the virtual character 65 as a
predetermined position in the Y axis positive direction of the
marker coordinate system. In addition, the information pro-
cessing section 31 determines the orientation of the virtual
character 65 as an orientation A. The orientation A is an
orientation in which the virtual character 65 faces in the X
axis positive direction and the direction from the head toward
the feet of the virtual character 65 agrees with the Y axis
negative direction (the direction opposite to the Y axis posi-
tive direction). In other words, the orientation A is an orien-
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tation that is perpendicular or substantially perpendicular to
the marker 51 and in which the virtual character 65 stands on
the marker 51. In this manner, the position and the orientation
of'the virtual character 65 are determined on the basis of each
axis of the marker coordinate system. Thus, when images of
the marker 51 placed on the surface parallel to the ground are
taken by the outer imaging section 23 from different direc-
tions as shown in FIGS. 5 and 6, the virtual character 65 can
be viewed from different directions.

When the marker 51 is attached to a ceiling or the like (the
marker 51 is viewed from the below), the information pro-
cessing section 31 may determine the orientation of the vir-
tual character 65 as the orientation A or as an orientation B
different from the orientation A. FIG. 15B is a diagram illus-
trating a position and an orientation of the virtual character 65
when the marker 51 is attached to a ceiling 54 or the like
parallel to the ground. The orientation B is an orientation in
which the virtual character 65 faces in the X axis positive
direction and the direction from the head toward the feet of the
virtual character 65 agrees with the Y axis positive direction.
In other words, the orientation B is an orientation that is
perpendicular or substantially perpendicular to the marker 51
and in which the marker 51 is located above the head of the
virtual character 65.

On the other hand, when determining that the marker 51 is
perpendicular to the ground or close to being perpendicular to
the ground, the information processing section 31 deter-
mines, at step S106, the orientation of the virtual character 65
on the basis of the X axis value GX and the Z axis value GZ
of the acceleration vector G2. FIG. 16A is a diagram illus-
trating an orientation of the virtual character 65 when the
marker 51 is attached to a surface perpendicular to the ground
such that the side SF of the marker 51, at which the letters
“Front” are written, is located on the lower side. FIG. 16B is
a diagram illustrating an orientation of the virtual character
65 when the marker 51 is attached to a surface perpendicular
to the ground such that the side SR of the marker 51, at which
the letters “Right” are written, is located on the lower side.
FIG. 16C is a diagram illustrating an orientation of the virtual
character 65 when the marker 51 is attached to a surface
perpendicular to the ground such that the side SB of the
marker 51, at which the letters “Back™ are written, is located
on the lower side. FIG. 16D is a diagram illustrating an
orientation of the virtual character 65 when the marker 51 is
attached to a surface perpendicular to the ground such that the
side SL of the marker 51, at which the letters “Left” are
written, is located on the lower side.

As shown in FIG. 16 A, when the marker 51 is attached to
a surface perpendicular to the ground (the wall 52) such that
the side SF of the marker 51, at which the letters “Front” are
written, is located on the lower side, the Y axis of the marker
coordinate system is set to have a direction perpendicular to
the wall 52. The X axis of the marker coordinate system is set
to extend downwardly from the center of the marker 51, and
the Z axis of the marker coordinate system is set to extend
rightward from the center of the marker 51 (in the direction
from the drawing sheet toward the user in FIG. 16A). The X
axis value GX of the acceleration vector G2 agrees with the
gravitational acceleration G, and the Z axis value GZ of the
acceleration vector G2 is 0. In this case, the position P of the
virtual character 65 is determined as a predetermined position
in the Y axis positive direction of the marker coordinate
system. The orientation of the virtual character 65 is deter-
mined as an orientation C. The orientation C is an orientation
in which the line-of-sight direction of the virtual character 65
agrees with or substantially agrees with the Y axis positive
direction of the marker coordinate system and the direction
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from the head toward the feet of the virtual character 65
agrees with or substantially agrees with X axis positive direc-
tion of the marker coordinate system. In this manner, an
image in which the virtual character 65 faces the front is
generated by taking an image of the virtual character 65, of
which the position and the orientation are determined, by the
virtual stereo camera 63 (FIG. 17) that is set to have the same
position and orientation as those of the outer imaging section
23.

As shown in FIG. 16B, when the marker 51 is attached to a
surface perpendicular to the ground (the wall 52) such that the
side SR of the marker 51, at which the letters “Right” are
written, is located on the lower side, the Z axis of the marker
coordinate system is set to extend downwardly from the cen-
ter of the marker 51. The X axis of the marker coordinate
system is set to extend leftward from the center of the marker
51 (in the depth direction of the drawing sheet in FIG. 16B).
The 7 axis value GZ of the acceleration vector G2 agrees with
the gravitational acceleration G, and the X axis value GX of
the acceleration vector G2 is 0. In this case, the position P of
the virtual character 65 is determined as a predetermined
position in the Y axis positive direction of the marker coor-
dinate system. The orientation of the virtual character 65 is
determined as an orientation D. The orientation D is an ori-
entation in which the line-of-sight direction of the virtual
character 65 agrees with or substantially agrees with the X
axis positive direction of the marker coordinate system and
the direction from the head toward the feet of the virtual
character 65 agrees with or substantially agrees with the Z
axis positive direction of the marker coordinate system. In
this manner, an image of' the virtual character 65 viewed from
the right (a taken image of the left side of the virtual character
65) is generated by taking an image of the virtual character 65,
of which the position and the orientation are determined, by
the virtual stereo camera 63 (FIG. 17) that is set to have the
same position and orientation as those of the outer imaging
section 23.

As shown in FIG. 16C, when the marker 51 is attached to a
surface perpendicular to the ground (the wall 52) such that the
side SB of the marker 51, at which the letters “Back” are
written, is located on the lower side, the X axis of the marker
coordinate system is set to extend upwardly from the center of
the marker 51. The Z axis of the marker coordinate system is
set to extend leftward from the center of the marker 51 (in the
depth direction of the drawing sheet in FIG. 16C). The X axis
value GX of the acceleration vector G2 is =G, and the Z axis
value GZ of the acceleration vector G2 is 0. In this case, the
position P of the virtual character 65 is determined as a
predetermined position in the Y axis positive direction of the
marker coordinate system. The orientation of the virtual char-
acter 65 is determined as an orientation E. The orientation E
is an orientation in which the line-of-sight direction of the
virtual character 65 agrees with or substantially agrees with
the'Y axis negative direction of the marker coordinate system
and the direction from the head toward the feet of the virtual
character 65 agrees with or substantially agrees with the X
axis negative direction of the marker coordinate system. In
this manner, an image of' the virtual character 65 viewed from
the back (ataken image of the back of the virtual character 65)
is generated by taking an image of the virtual character 65, of
which the position and the orientation are determined, by the
virtual stereo camera 63 (FIG. 17) that is set to have the same
position and orientation as those of the outer imaging section
23.

As shown in FIG. 16D, when the marker 51 is attached to
a surface perpendicular to the ground (the wall 52) such that
the side SL of the marker 51, at which the letters “Left” are
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written, is located on the lower side, the Z axis of the marker
coordinate system is set to extend upwardly from the center of
the marker 51. The X axis of the marker coordinate system is
set to extend rightward from the center of the marker 51 (in
the direction from the drawing sheet toward the user in FIG.
16D). The Z axis value GZ of the acceleration vector G2 is
-G, and the X axis value GX of the acceleration vector G2 is
0. In this case, the position P of the virtual character 65 is
determined as a predetermined position in the Y axis positive
direction of the marker coordinate system. The orientation of
the virtual character 65 is determined as an orientation F. The
orientation F is an orientation in which the line-of-sight direc-
tion of the virtual character 65 agrees with or substantially
agrees with the X axis positive direction of the marker coor-
dinate system and the direction from the head toward the feet
of'the virtual character 65 agrees with or substantially agrees
with the Z axis negative direction of the marker coordinate
system. In this manner, an image of the virtual character 65
viewed from the left (a taken image of the right side of the
virtual character 65) is generated by taking an image of the
virtual character 65, of which the position and the orientation
are determined, by the virtual stereo camera 63 (FIG. 17) that
is set to have the same position and orientation as those of the
outer imaging section 23.

Each of the orientations of the virtual character 65 shownin
FIGS. 16A to 16D is determined on the basis of the X axis
value GX and the Z axis value GZ of the acceleration vector
(2. For example, when the value GX is positive and is higher
than a predetermined threshold, the orientation of the virtual
character 65 is determined as the orientation C shown in FIG.
16A. For example, when the value GZ is positive and is higher
than a predetermined threshold, the orientation of the virtual
character 65 is determined as the orientation D shown in FIG.
16B. Each of the thresholds used for the determinations of the
orientation is a threshold indicated by the threshold data 76
stored in the RAM and is reset at step S109 described below.

As described above, at step S106, the position and the
orientation of the virtual character 65 are determined on the
basis of the acceleration vector G2 (the vector representing
the direction of gravity in the marker coordinate system)
calculated at step S105. The information processing section
31 stores a matrix indicating the determined position and
orientation of the virtual character 65, as the character orien-
tation information 73 in the RAM. After step S106, the infor-
mation processing section 31 subsequently performs a pro-
cess at step S107.

At step S107, the information processing section 31 dis-
plays the virtual character 65 on the upper LCD 22. Specifi-
cally, first, the information processing section 31 locates the
virtual character 65 in the virtual space (the marker coordi-
nate system) and sets the virtual stereo camera 63 in the
virtual space.

FIG. 17 is a diagram illustrating the virtual stereo camera
63 and the virtual character 65 that are set in the virtual space.
As showninFIG. 17, the virtual stereo camera 63 includes the
left virtual camera 63a and the right virtual camera 635. The
position and the orientation of the left virtual camera 63a in
the marker coordinate system are determined on the basis of
the marker information 74 (the information representing the
matrix indicating the position and the orientation of the
marker 51 with respect to the game apparatus 10). Specifi-
cally, the position and the orientation of the left virtual camera
63a are set so as to correspond to the position and the orien-
tation of the outer imaging section (left) 23a with respect to
the marker 51. In other words, the position and the orientation
of'the left virtual camera 63« in the marker coordinate system
agree with the position and the orientation of the outer imag-

10

15

20

25

30

35

40

45

50

55

60

65

24

ing section (left) 23a with respect to the marker 51 in the real
space. Similarly, the position and the orientation of the right
virtual camera 634 in the marker coordinate system are deter-
mined on the basis of the marker information 74 (the infor-
mation representing the matrix indicating the position and the
orientation of the marker 51 with respect to the game appa-
ratus 10). Specifically, the position and the orientation of the
right virtual camera 635 are set so as to correspond to the
position and the orientation of the outer imaging section
(right) 235 with respect to the marker 51. In other words, the
position and the orientation of the right virtual camera 635 in
the marker coordinate system agree with the position and the
orientation of the outer imaging section (right) 235 with
respect to the marker 51 in the real space.

It should be noted that the orientations of the left virtual
camera 63a and the right virtual camera 635 do not necessar-
ily need to agree with the orientations of the outer imaging
section (left) 23a and the outer imaging section (right) 235,
respectively. For example, the imaging direction of the outer
imaging section (left) 23a¢ and the imaging direction of the
outer imaging section (right) 235 are parallel to each other,
but do not necessarily need to be parallel to each other. For
example, the left virtual camera 63a and the right virtual
camera 635 may be set to face the inner side. Further, the
distance LA between the outer imaging section (left) 23a and
the outer imaging section (right) 235 is fixed, but the distance
LB between the left virtual camera 63a and the right virtual
camera 635 may be a fixed value corresponding to the dis-
tance LA or may be a variable value. For example, the dis-
tance LB between the left virtual camera 63a and the right
virtual camera 635 may be set in accordance with the position
of the slider 254 of the 3D adjustment switch 25.

The information processing section 31 locates the virtual
character 65 in the virtual space. Specifically, the information
processing section 31 locates the virtual character 65 in the
virtual space in the position and orientation determined at
step S106. After setting the virtual stereo camera 63 and the
virtual character 65 in the virtual space, the information pro-
cessing section 31 generates a left virtual character image
75L and a right virtual character image 75R by taking an
image of the virtual space including the virtual character 65
by the virtual stereo camera 63, and stores these two images
in the RAM. The left virtual character image 751 is an image
of the virtual space including the virtual character 65 which
image is taken by the left virtual camera 63a, and the right
virtual character image 75R is an image of the virtual space
including the virtual character 65 which image is taken by the
right virtual camera 63b. Next, the information processing
section 31 generates a left superimposed image in which the
left virtual character image 751 and the real image 71L for a
left eye that is obtained and stored in the RAM at step S101
are superimposed on each other. In addition, the information
processing section 31 generates a right superimposed image
in which the right virtual character image 75R and the real
image 71R for a right eye that is obtained and stored in the
RAM at step S101 are superimposed on each other. Then, the
information processing section 31 displays the left superim-
posed image and the right superimposed image on the upper
LCD 22. Specifically, the information processing section 31
displays these two images on the upper LCD 22 such that the
left superimposed image and the right superimposed image
are viewed with the left and right eyes, respectively, of the
user through the parallax barrier. Thus, a stereoscopically
visible image is displayed on the upper LCD 22.

After step S107, the information processing section 31
subsequently performs a process at step S108.
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At step S108, the information processing section 31 deter-
mines whether or not the display form has been changed.
Here, it is determined whether or not the orientation of the
virtual character 65 determined in the process at step S106 in
the current frame is different from the orientation of the
virtual character 65 determined in the process at step S106 in
the last frame. Specifically, the information processing sec-
tion 31 determines whether or not the orientation of the virtual
character 65 indicated by the last character orientation infor-
mation 77 is different from the orientation of the virtual
character 65 indicated by the character orientation informa-
tion 73. When the orientation of the virtual character 65
determined in the current frame is different from the orienta-
tion of the virtual character 65 determined in the last frame,
the information processing section 31 determines that the
display form has been changed, and subsequently performs a
process at step S109. On the other hand, when the display
form has not been changed, the information processing sec-
tion 31 copies the character orientation information 73 as the
last character orientation information 77 and ends the process
of the flowchart shown in FIG. 11.

At step S109, the information processing section 31 resets
the threshold for determining the orientation of the virtual
character 65. The process at step S109 is performed in order
to prevent the orientation (display form) of the virtual char-
acter 65 from frequently being changed when each axial
direction value of the acceleration vector G2 varies around the
threshold.

FIG. 18A is a diagram illustrating is a diagram illustrating
a situation where the virtual character 65 is set so as to face the
front when the marker 51 is attached to the wall 52 in an
inclined manner. FIG. 18B is a diagram illustrating a situation
where the virtual character 65 is set so as to face the left when
the marker 51 is attached to the wall 52 in an inclined manner.
As shown in FIGS. 18A and 18B, when the marker 51 is
rotated about the central axis of the marker 51 by an angle
exceeding a predetermined threshold, the orientation of the
virtual character 65 is changed from the orientation facing the
front (the orientation C) to the orientation facing the left (the
orientation D). When the marker 51 is rotated about the cen-
tral axis of the marker 51 clockwise and counterclockwise by
an angle close to the predetermined threshold, the orientation
of the virtual character 65 is frequently changed. At step
S109, in order to prevent the orientation of the virtual char-
acter 65 from being frequently changed as described above,
the information processing section 31 resets the threshold for
determining the orientation of the virtual character 65. A
process of resetting the threshold for determining the orien-
tation of the virtual character 65 will be described with ref-
erence to FIG. 19. FIG. 19 is a diagram conceptually illus-
trating the process of resetting the threshold for determining
the orientation of the virtual character 65.

For example, as shown in FIG. 19, when the Z axis value
GZ of the acceleration vector G2 is lower than a boundary
value A, the orientation of the virtual character 65 is set to the
orientation C, and when the value GZ is equal to or higher
than the boundary value A, the orientation of the virtual
character 65 is set to the orientation D. The boundary value A
is a predetermined value that is initially set. When the orien-
tation of the virtual character 65 calculated in the last frame is
the orientation C, if the value GZ calculated in the current
frame exceeds the boundary value A, the orientation C shifts
to the orientation D in the current frame. In this case, in the
process at step S109 in the current frame, the information
processing section 31 changes the threshold for changing
from the orientation D to the orientation C, from the boundary
value A to a boundary value B (<the boundary value A). By
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changing the threshold (the boundary value) for determining
the orientation when an orientation shifts to another orienta-
tion as described above, even when the marker 51 is rotated
clockwise and counterclockwise by an angle close to the
threshold, the orientation of the virtual character 65 can be
prevented from being frequently changed between two ori-
entations.

After end of the process at step S109, the information
processing section 31 copies the character orientation infor-
mation 73 as the last character orientation information 77 and
ends the process of the flowchart shown in FIG. 11.

As described above, in the present embodiment, the marker
51 is detected, the positional relation between the marker 51
and the game apparatus 10 is calculated, and the direction of
gravity is calculated on the basis of the values of the accel-
erations detected by the acceleration sensor 39. Thus, the
orientation of the virtual character 65 can be changed on the
basis of the calculated positional relation and direction of
gravity. In the present embodiment, since the orientation of
the virtual character 65 can be changed on the basis of the
positional relation between the marker 51 and the game appa-
ratus 10 and the direction of gravity as described above, the
virtual character 65 can easily be viewed from various direc-
tions.

(Modifications)

In the present embodiment, the orientation of the game
apparatus 10 with respect to the direction of gravity is calcu-
lated on the basis of the accelerations detected by the accel-
eration sensor 39. In another embodiment, the orientation of
the game apparatus 10 may be calculated on the basis of the
angular velocities detected by the angular velocity sensor 46.
For example, the game apparatus 10 can calculate its orien-
tation concerning rotation about the direction of gravity by
using the angular velocity sensor 46, in addition to its incli-
nation with respect to the direction of gravity, and thus can
calculate its absolute orientation in the real space. The game
apparatus 10 can calculate an angular velocity about each axis
by integrating the angular velocity about each axis (%, y, and
7 axes), which is detected by the angular velocity sensor 46,
over time, and can calculate an orientation change from a
basic orientation. The basis orientation is, for example, the
orientation of the game apparatus 10 that is placed on a
surface parallel to the ground. In this manner, the game appa-
ratus 10 can calculate the orientation of the game apparatus 10
by using values detected by means for detecting the orienta-
tion (the acceleration sensor 39 and the angular velocity sen-
sor 46). Then, the game apparatus 10 may determine the
orientation of the virtual character 65 on the basis of the
calculated orientation and the positional relation between the
marker 51 and the outer imaging section 23.

In another embodiment, the orientation of the game appa-
ratus 10 (the outer imaging section 23) in the real space may
be calculated by using, for example, a geomagnetic sensor in
addition to (or instead of) the acceleration sensor 39 and the
angular velocity sensor 46. By calculating the orientation of
the game apparatus 10 (the outer imaging section 23) in the
real space by using these sensors and further taking an image
of the marker 51 by the outer imaging section 23, the orien-
tation of the marker 51 with respect to a predetermined direc-
tion (e.g., the direction of gravity, a direction perpendicular to
the direction of gravity, an eastward direction, a westward
direction, a southward direction, a northward direction, or the
like) can be calculated. Then, the orientation of the virtual
character 65 can be determined in accordance with the orien-
tation of the marker 51 with respect to the predetermined
direction.
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In the present embodiment, the orientation of the virtual
character 65 is determined on the basis of from which of six
directions (upward, downward, frontward, rearward, left-
ward, and rightward) an image of the marker 51 is taken. The
six directions include a direction in which an image of the
marker 51 placed on the table 50 or the like is taken from the
above, a direction in which an image of the marker 51
attached to the ceiling 54 or the like is taken from the below,
and directions in which images of the marker 51 attached to
the wall 52 or the like such that the sides of the front, back,
left, and right are located on the lower side are taken. In
another embodiment, the image taking directions are not
limited to the six directions. For example, when an image of
the marker 51 placed on a surface inclined with respect to the
ground is taken, the virtual character 65 having an orientation
different from the above orientations may be displayed.

In the present embodiment, the orientation of the virtual
character 65 is determined on the basis of the orientation of
the game apparatus 10 and the positional relation between the
marker 51 and the outer imaging section 23. In another
embodiment, the display form of the virtual object may be
determined. The display form of the virtual object may be, for
example, a position, an attitude (an orientation concerning in
which direction the virtual object faces as in the embodiment
described above, a pose in which a hand is raised or the virtual
object sits), a facial expression, and a motion pattern, of the
virtual object, an item possessed by the virtual object, the
stereoscopic effect of the virtual object (a stereoscopic effect
provided by a disparity), the color and the brightness of the
virtual object, or the like. Further, in another embodiment, a
virtual object displayed on the display device is not limited to
the virtual character located in the virtual space, and may be,
for example, a letter, a predetermined image, or the like.

In another embodiment, the type and number of objects to
be displayed may be determined on the basis of the orienta-
tion of the game apparatus 10 and the positional relation
between the marker 51 and the outer imaging section 23. For
example, a plurality of types of virtual objects (the virtual
character described above and any other virtual objects) may
previously be prepared in the game apparatus 10, and it may
be determined which virtual object among the plurality of
types of virtual objects is to be displayed, on the basis of the
orientation of the game apparatus 10 and the positional rela-
tion between the marker 51 an the outer imaging section 23.

In the present embodiment, the flat square marker 51 is
used. In another embodiment, any marker may be used, and a
marker (specific object) having a three-dimensional shape
may be used. For example, a marker having a predetermined
pattern drawn on a predetermined surface of a cube may be
used. In this case, for example, the display form and the like
of'the virtual object may be different between the case where
the cube is placed on the table 50 or the like such that the
predetermined surface of the cube is perpendicular to the
direction of gravity and the case where the cube is placed on
the table 50 or the like such that the predetermined surface of
the cube is parallel to the direction of gravity.

In the present embodiment, the acceleration sensor 39 is
accommodated in the lower housing 11, and the accelerations
detected by the acceleration sensor 39 are used as the infor-
mation indicating the orientation of the outer imaging section
23. In this case, on the assumption that the upper housing 21
is rotated by 180 degrees to be in an opened state (a state
where the inner surface of the lower housing 11 is parallel to
the inner surface of the upper housing 21 as shown in FIG. 1),
the orientation of the outer imaging section 23 is calculated.
Inanother embodiment, a sensor for detecting arotation angle
of the upper housing 21 may be provided at a hinge portion
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that allows the lower housing 11 and the upper housing 21 to
be rotated. Then, the orientation (the orientation with respect
to the direction of gravity) of the outer imaging section 23
may be calculated by using a result of the detection of the
acceleration sensor 39 accommodated in the lower housing
11 and a result of the detection of the sensor for detecting the
rotation angle.

In another embodiment, the virtual object may not be dis-
played on the display device for displaying a stereoscopic
image, and may be displayed on a display device for display-
ing a planar image.

In the present embodiment, augmented reality is achieved
by using a video see-through technique. In other words, in the
aforementioned embodiment, a superimposed image is gen-
erated by superimposing an image taken by the virtual camera
(the left and right virtual cameras) on an image taken by the
outer imaging section 23, and is displayed on the upper LCD
22. In another embodiment, augmented reality is achieved by
using an optical see-through technique. For example, the user
wears a head mounted display equipped with a camera for
detecting a marker provided in the real space, and can view
the real space through a display part corresponding to a lens
part of a pair of glasses. The display part is formed from a
material which allows the user to view the real space there-
through. In addition, the display part is configured such that
an image of a virtual object generated by a computer can be
displayed thereon.

In the present embodiment, an image taken by the virtual
camera is superimposed on a real image taken by a real
camera (the outer imaging section 23) to generate an image,
and the generated image is displayed on the display device. In
another embodiment, the real image may not be displayed on
the display device.

In the present embodiment, the display control process
described above is performed by using an apparatus in which
a real camera (the outer imaging section 23), orientation
detection means (the acceleration sensor 39 and the angular
velocity sensor 46), and a display device (the upper LCD 22)
are integrated with each other. In another embodiment, these
components may be formed as separate devices and may be
connected to each other. In this case, the marker 51 in an
image taken by the real camera is detected, and the positional
relation between the real camera and the marker 51 is calcu-
lated. The orientation detection means detects the orientation
of'the real camera. Then, the display form of a virtual object,
a type of a virtual object to be displayed, and the like are
determined on the basis of the calculated positional relation
and the orientation of the real camera detected by the orien-
tation detection means.

In another embodiment, other than the hand-held game
apparatus, the display control method described above may
be applied to stationary game apparatuses and any other elec-
tronic apparatuses such as PDAs (personal digital assistants),
highly-functional mobile phones, and personal computers.

In the present embodiment, the LCD capable of displaying
a stereoscopically visible image that can be viewed with
naked eyes is used as a display device. In another embodi-
ment, the present invention is also applicable to methods in
which a stereoscopically visible image is displayed by using
glasses, such as time sharing method, polarization method,
and anaglyph method (red cyan glasses method), and meth-
ods using a head-mounted display, and the like.

In another embodiment, a plurality of information process-
ing apparatuses communicably connected to each other via a
wired or wireless line are constructed as a display control
system which implements the display control method
described above, by dividing each process to be performed by
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the plurality of information processing apparatuses. For
example, a terminal connected to an imaging apparatus and a
display device accesses a server on the Internet, and the server
may performs at least some of the processes described above.

Further, in the embodiment described above, the aforemen-
tioned processes in the flowcharts are performed by the infor-
mation processing section 31 of the game apparatus 10
executing a predetermined program. In another embodiment,
a part or all of the aforementioned processes may be per-
formed by a dedicated circuit provided in the game apparatus
10.

While the invention has been described in detail, the fore-
going description is in all aspects illustrative and not restric-
tive. It will be understood that numerous other modifications
and variations can be devised without departing from the
scope of the invention.

What is claimed is:

1. A non-transitory computer-readable storage medium
having stored therein an information processing program
executable by a computer of an information processing appa-
ratus, the program, when executed, causing the computer to
perform operations comprising:

obtaining a taken image that is taken by a camera of an

imaging apparatus;

obtaining orientation information from a sensor included

in the imaging apparatus, the orientation information
indicating an orientation of the camera;

detecting a specific object from the taken image;

calculating a relative positional relation between the spe-

cific object and the camera;

determining virtual object information including a virtual

object display form, a virtual object type, and/or a num-
ber of virtual objects, based on the orientation informa-
tion;

generating an image of one or more virtual objects corre-

sponding to the virtual object information based on the
calculated positional relation between the specific object
and the camera; and

displaying the image of the one or more virtual objects on

a display device.

2. The non-transitory computer-readable storage medium
according to claim 1, wherein the virtual object display form
is determined on the basis of at least the orientation informa-
tion.

3. The non-transitory computer-readable storage medium
according to claim 1, wherein the virtual object display form,
the virtual object type, and/or the number of virtual objects, is
determined on the basis of the positional relation and the
orientation information.

4. The non-transitory computer-readable storage medium
according to claim 3, wherein the virtual object display form
is determined in accordance with an orientation of the specific
object with respect to a predetermined direction indicated by
the orientation information.

5. The non-transitory computer-readable storage medium
according to claim 4, wherein

the obtained orientation information comprises orientation

information indicating a predetermined direction in a
coordinate system based on the camera, and

a predetermined direction in a coordinate system is calcu-

lated based on the specific object on the basis of the
positional relation and the obtained orientation informa-
tion, and the virtual object display form is determined on
the basis of the calculated predetermined direction.
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6. The non-transitory computer-readable storage medium
according to claim 5, wherein

at least when the calculated predetermined direction indi-

cates that the specific object is located in a real space so
as to be perpendicular to the predetermined direction
indicated by the orientation information, the virtual
object display form is determined as a first display form,
and

at least when the calculated predetermined direction indi-

cates that the specific object is located in the real space
so as to be parallel to the predetermined direction indi-
cated by the orientation information, the virtual object
display form is determined as a second display form.

7. The non-transitory computer-readable storage medium
according to claim 4, wherein an orientation of the virtual
object with respect to the specific object is determined in
accordance with the orientation of the specific object with
respect to the predetermined direction indicated by the orien-
tation information.

8. The non-transitory computer-readable storage medium
according to claim 7, wherein

at least when the specific object is located in a real space so

as to be perpendicular to the predetermined direction
indicated by the orientation information, the orientation
of the virtual object is determined such that the virtual
object has an orientation perpendicular to the specific
object, and

at least when the specific object is located in the real space

so as to be parallel to the predetermined direction indi-
cated by the orientation information, the orientation of
the virtual object is determined such that the virtual
object has an orientation parallel to the specific object.

9. The non-transitory computer-readable storage medium
according to claim 8, wherein at least when the specific object
is located in the real space so as to be parallel to the prede-
termined direction indicated by the orientation information,
the orientation of the virtual object is determined as a first
orientation if a rotation angle of at least a surface of the
specific object about an axis perpendicular to the surface is a
first angle, and the orientation of the virtual object is deter-
mined as a second orientation if the rotation angle is a second
angle.

10. The non-transitory computer-readable storage medium
according to claim 4, wherein the predetermined direction is
a direction of gravity.

11. The non-transitory computer-readable storage medium
according to claim 5, wherein

when the predetermined direction in the coordinate system

based on the specific object is in a first range, the virtual
object display form is determined as a first form,

when the predetermined direction in the coordinate system

based on the specific object is in a second range that is
separated from the first range by a predetermined bound-
ary, the virtual object display form is determined as a
second form, and

when the display form of the virtual object is changed from

the first form to the second form, the predetermined
boundary is set on the first range side as compared to that
when the virtual object display form is changed from the
second form to the first form.

12. The non-transitory computer-readable storage medium
according to claim 1, wherein the image of the one or more
virtual objects is displayed on the display device such that the
image is superimposed on the taken image that is taken by the
camera or a real space that is viewed through a screen of the
display device.
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13. The non-transitory computer-readable storage medium
according to claim 9, wherein
first information indicating the first orientation and second
information indicating the second orientation are pro-
vided on the specific object,
the first information is visible from an appropriate direc-
tion when the specific object is viewed from a first direc-
tion, and
the second information is visible from an appropriate
direction when the specific object is viewed from a sec-
ond direction.
14. The non-transitory computer-readable storage medium
according to claim 1, wherein
the sensor is an orientation sensor configured to detect the
orientation of the camera.
15. An information processing apparatus comprising:
a camera configured to capture a taken image;
a sensor configured to obtain orientation information indi-
cating an orientation of the camera; and
at least one processor being configured to:
detect a specific object from the taken image captured by
the camera;
calculate a relative positional relation between the spe-
cific object and the camera;
determine virtual object information including a virtual
object display form, a virtual object type, and/or a
number of virtual objects, based on the orientation
information;
generate an image of one or more virtual objects corre-
sponding to the virtual object information based on
the calculated positional relation between the specific
object and the camera; and
display the image of the one or more virtual objects on a
display device.
16. An information processing system comprising:
a camera configured to capture a taken image;
a sensor configured to obtain orientation information indi-
cating an orientation of the camera; and
at least one processor being configured to:
detect a specific object from the taken image obtained by
the camera;
calculate a relative positional relation between the spe-
cific object and the camera;
determine virtual object information including a virtual
object display form, a virtual object type, and/or a
number of virtual objects, based on the orientation
information;
generate an image of one or more virtual objects corre-
sponding to the virtual object information based on
the calculated positional relation between the specific
object and the camera; and
display the image of the one or more virtual objects on a
display device.
17. An information processing method comprising:
obtaining a taken image that is taken by a camera of an
imaging apparatus;
obtaining orientation information from a sensor in the
imaging apparatus, the orientation information indicat-
ing an orientation of the camera;
detecting a specific object from the taken image;
calculating a relative positional relation between the spe-
cific object and the camera;
determining virtual object information including a virtual
object display form, a virtual object type, and/or a num-
ber of virtual objects, based on at least the orientation
information;
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generating an image of one or more virtual objects corre-
sponding to the virtual object information based on the
calculated positional relation; and

displaying the image of the one or more virtual objects on

a display device.

18. An information processing system comprising an infor-
mation processing apparatus and a marker,

the information processing apparatus comprising:

a camera;,

a sensor configured to detect an orientation of the cam-
era; and

at least one processor coupled to the camera and the
sensor, the at least one processor being configured to:

take an image of the marker using the camera;

obtain the taken image;

obtain orientation information indicating an orientation
of the camera from the sensor;

detect the marker from the taken image;

calculate a relative positional relation between the
marker and the camera;

determine virtual object information including a virtual
object display form, a virtual object type, and/or a
number of virtual objects, based on at least the orien-
tation information;

generate an image of one or more virtual objects corre-
sponding to the virtual object information based on
the calculated positional relation; and

display the image of the one or more virtual objects on a
display device.

19. The non-transitory computer-readable storage medium
according to claim 1, wherein the sensor is an acceleration
Sensor.

20. The non-transitory computer-readable storage medium
according to claim 1, wherein the program, when executed,
further causes the computer to rotate the displayed virtual
object in accordance with a rotation of the camera about a
central axis in the real space.

21. An information processing apparatus comprising:

a camera for capturing an image;

a gravity sensor commonly housed with the camera;

a display; and

processing circuitry coupled to the camera, the gravity

sensor and the display, the processing circuitry detecting
a marker from the image captured by the camera, calcu-
lating a relative positional relationship between the
marker and the camera, determining virtual object infor-
mation including a virtual object display form, a virtual
object type, and/or a number of virtual objects, based on
at least a direction of gravity determined in accordance
with an output of the gravity sensor, generating one or
more virtual objects based on the virtual object informa-
tion and in accordance with the calculated positional
relationship between the marker and the camera, and
controlling the display to display the one or more virtual
objects.

22. The information processing apparatus according to
claim 21, wherein the camera is a stereo camera and the image
is a stereo image.

23. The information processing apparatus according to
claim 21, wherein the gravity sensor comprises an acceler-
ometer.



